Intra-operative acute hypersensitivity reactions require a decision to be made regarding whether to proceed with or abandon the planned surgical procedure once the patient has stabilised. Using retrospective case controls, we examined all cases (223) of proven acute hypersensitivity reactions from 2005 to 2014 in Western Australia, in which the syndrome was recognised by the treating clinician before or during surgery, to determine whether recovery outcomes were adversely affected by proceeding with the planned procedure. Surgery proceeded in 104 patients (47%) and was abandoned in 119 (53%). The severity of acute hypersensitivity reactions was Soci et e Franc ßaise d'Anesth esie et de R eanimation grade 1 or 2 in 56 patients (25%), grade 3 in 128 (56%) and grade 4 in 39 (17%). Abandoning surgery was more common in patients with increasing severity of hypersensitivity. The rate of major hypersensitivity-related complications for all patients was zero for grade 1 and 2 reactions, 4.7% for grade 3 and 12.8% for grade 4. There were no deaths. Patients in whom surgery was completed were not observed to have a higher frequency of major hypersensitivity-related complications when compared with cases of similar severity in whom surgery was abandoned. For patients admitted to the intensive care unit, proceeding with surgery was not associated with an increased duration of mechanical ventilation of the lungs. Our results suggest that, once initial resuscitation has been achieved and if resuscitative efforts can be re-instituted if required, continuing with planned surgery in grade 1, 2 and 3 immediate hypersensitivity was not associated with poorer outcomes. After grade 3 reactions, there was a significant incidence of complications attributable to acute hypersensitivity regardless of whether surgery proceeded or was abandoned. Surgery was frequently abandoned in grade 4 immediate hypersensitivity and was associated with a high rate of complications.
Introduction
Intra-operative acute hypersensitivity reactions in Western Australia occur at a rate of 1 in 11,000 anaesthetics administered and, in other regions, have been reported to be associated with significant morbidity and mortality [1, 2] . Abandoning the planned surgical procedure may also harm the patient by allowing progression of disease, cause inefficiencies in the provision of healthcare and social inconvenience. Consensus guidelines for the management of suspected acute hypersensitivity reaction associated with anaesthesia have been published by the Association of Anaesthetists of Great Britain and Ireland [3] , the Scandinavian Society of Anaesthesiology and Intensive Care Medicine Clinical Practice Committee [4] , and also the Joint Task Force of Practice Parameters (representing the American Academy of Allergy, Asthma and Immunology (AAAAI), the American College of Allergy, Asthma and Immunology (ACAAI), and the Joint Council of Allergy, Asthma and Immunology) [5] . None of these guidelines raise the issue of whether surgery should proceed or be abandoned. The 2013 Australia and New Zealand Anaesthetic Allergy Group (ANZAAG) recommendations for the management of intra-operative acute hypersensitivity reaction include the statement that, after stabilisation of the patient's condition, consideration be made whether surgery should be completed, postponed or abandoned [6] . However, there are no instructions as to what clinicians should consider when deciding whether to proceed with or abandon surgery. Moreover, there are no published data on whether continuing with surgery is associated with poor recovery or acute hypersensitivityrelated sequelae. It is extremely unlikely that these questions will ever be subject to a randomised, clinical trial [7] , and the best evidence is likely to result from retrospective database studies assessing outcomes of different management strategies. In Western Australia, we have maintained a database of all patients who have suffered intra-operative acute hypersensitivity reactions and been referred to the state-wide investigation centre at Sir Charles Gairdner Hospital. The aim of this study was to determine whether recovery outcomes were adversely affected by proceeding with planned surgery once a patient had been resuscitated and stabilised. Of particular interest was whether surgery should be abandoned in mild (grade 1 or 2) reactions, if it is safe to proceed in severe (grade 3) reactions and if it can be contemplated in catastrophic (grade 4) reactions.
Methods
Approval from the supervising ethics board for this quality improvement activity was granted by the Anaesthesia MHoD committee of Sir Charles Gairdner Hospital on the 31 July 2015.
All cases of intra-operative acute hypersensitivity reactions investigated by the Anaesthetic Adverse Drug Reaction Clinic (AADRC) at Sir Charles Gairdner Hospital in Perth, Western Australia over a 10-year period (1 January 2005 to 31 December 2014) were reviewed. This clinic is the sole referral centre in Western Australia for peri-operative acute hypersensitivity reactions, a state that had a population of approximately 2.5 million people in 2014. 'Intra-operative' was defined as the time from the first administration of an anaesthetic drug until completion or abandonment of surgery. Intra-operative acute hypersensitivity reactions were defined and graded, according to Soci et e Franc ßaise d'Anesth esie et de R eanimation criteria (SFAR; Table 1 ), as being a generalised syndrome, including the presence of potentially life-threatening bronchospasm, hypotension, angioedema and/or rash, which was temporally related to the administration of a triggering agent, in a patient who was shown to have immediate hypersensitivity on skin testing when seen subsequently in our clinic. Using these criteria, reactions of grade 2, 3 and 4 would be considered anaphylaxis. Data were collected prospectively and entered into the central database. This included the patient's intra-operative record, the treating clinician's referral letter, and notes from the allergy clinic review and assessment that occurred at least four weeks after the intra-operative episode. The duration of mechanical ventilation of the lungs in the intensive care unit (ICU) was determined from the Acute Physiology and Chronic Health Evaluation database or, if unavailable, ICU admission and tracheal extubation times documented in the medical record.
The baseline characteristics, and whether surgery proceeded or was abandoned, were determined from the patient record or referral letter. Additional measures to indicate severity included the requirement for adrenaline during resuscitation and admission to ICU for mechanical ventilation. Advanced age (over 65 years), and ASA physical status score of 3 or greater were chosen as proxies for reduced physiological reserve. Facilities available at the location of surgery were determined by the presence or absence of an ICU. Surgical data included surgical procedure, estimated duration (greater or less than 1 h) and urgency of surgery (elective or emergency; cancer or non-cancer surgery).
Major acute hypersensitivity-related sequelae were those that could be considered by the authors to be caused or exacerbated by the expected features of immediate allergic hypersensitivity or its management ( Table 2 ). Expected features of acute hypersensitivity reactions (hypotension, bronchospasm, oedema, urticaria) were not considered to be sequelae unless they could have contributed to unexpected adverse events, such as wound infections (from tissue oedema or ischaemia), pneumothorax (from barotrauma or central-line insertion), pulmonary aspiration (from difficulty managing a patients' airway during a crisis), ventilator-associated pneumonia (from prolonged pulmonary ventilation) or wound haematoma (from anaphylaxis-associated bleeding diathesis).
Major acute hypersensitivity-related sequelae were detected by review of multiple sources of case information by the authors. The treating clinicians' description of intra-operative and subsequent inpatient events were documented in the referral letter. All patients were interviewed in the clinic by one of the authors at least 4 weeks after the intra-operative event at which time inpatient notes and investigations were assessed and all relevant data recorded in the clinic review. Finally, the inpatient notes from source hospitals were reviewed for patients who required prolonged mechanical ventilation of the lungs (> 48 h in 10 patients) or instances where the possibility of acute hypersensitivity-related complications could not be excluded by review of referral and clinic documentation (a further 66 patients).
Statistical analyses were conducted with SPSS version 21.0 for Macintosh (IBM Corp. Armonk, NY). Binary data were analysed with a 2 9 2 table and statistical significance calculated with Chi-square test. Means of continuous data were compared with ANOVA. A p value of less than 0.05 was considered a significant level to reject the null hypothesis.. Our a priori estimate of the complication rate in cases of anaphylaxis that were managed conservatively (surgery abandoned) was 5%, with a clinically important increase in the rate of complications being 20% in the treatment group (completing surgery). This would require a sample size of 88 cases in each group (80% power, two-sided test at 5% level) [8] .
Results
Two hundred and twenty-three patients met the inclusion criteria out of 292 patients diagnosed with acute hypersensitivity reactions after being referred to our allergy clinic over the 10-year period (Fig. 1) . The data sets were complete except for two patients in whom the duration of mechanical ventilation could not be determined exactly but estimated (both approximately 12 h), and two patients in whom the adrenaline dose had not been legibly recorded. Characteristics of the study population are given in Table 3 . The majority of patients were elective (86.5%) and without significant systemic disease (80.7% ASA grade 1 or 2). The overall rate of admission to ICU for pulmonary ventilation was 43.5%. Twenty-two (9.8%) required ventilation for more than 24 h and 10 (4.4%) for more than 48 h. From Mertes et al. [10] . PEA, pulseless electrical activity. Surgery proceeded to completion in 104 patients (46.6%) and was abandoned in 119 (53.3%). No patients died. Surgery proceeded in most patients with grade 1 and 2 hypersensitivity (15 out of 19, and 28 out of 37, respectively; Fig. 1 ). Out of the 128 patients with grade 3 hypersensitivity, surgery proceeded and was completed in 54 (42.1%), and of the 39 patients with grade 4 hypersensitivity, surgery proceeded and was completed in seven (17.9%).
Major acute hypersensitivity-related sequelae occurred in 3 out of the 104 patients who proceeded with surgery (2.9%) and in 8 out of the 119 patients where it was abandoned (6.7%). There were no major anaphylaxis-related sequelae in patients with mild (grade 1 or 2) hypersensitivity, and only seven (12.5%) required admission to ICU. Tracheal intubation was indicated for two patients who had marked facial swelling and for one patient who had persistent bronchospasm. There was no clearly documented reason for abandonment in the remaining four patients. The rate of major acute hypersensitivity-related sequelae following grade 3 hypersensitivity was 4.7% (6 out of 128), and after grade 4 anaphylaxis it was 12.8% (5 out of 39). The cases are described in Table 4 . Only three cases out of the total of 11 with sequelae occurred in patients in whom surgery proceeded. Case one suffered aspiration pneumonia during surgery for removal of a breast lump. Anaphylaxis occurred to methylene blue dye administered for sentinel node detection, was managed and surgery completed with a laryngeal mask in situ which was being exchanged for a tracheal tube before transfer to ICU due to facial, lip and tongue swelling. Case two suffered a postoperative wound haematoma after thoracic laminectomy in the absence of documented coagulopathy. This required return to theatre for evacuation, but no significant morbidity eventuated. Case three suffered a middle cerebral artery territory stroke after carotid endarterectomy complicated by anaphylaxis to protamine.
Of the eight patients in whom the surgical procedure was abandoned and possible acute hypersensitivity-related sequelae occurred, three suffered respiratory complications (aspiration pneumonia, ventilator-associated pneumonia or adult respiratory distress syndrome) and two developed Takutsubo's cardiomyopathy. Case 9 developed hypoxic encephalopathy and renal failure requiring continuous veno-venous haemofiltration (CVVHF), and case 10 failed to wean from mechanical ventilation at least in part to pre-existing limited pulmonary functional reserve and cognitive dysfunction, eventually requiring a tracheostomy. Case 11 developed a cerebellar ischaemic stroke on the 10th postoperative day, attributed to a vertebral artery dissection that may have occurred during treatment of the patient's initial anaphylactic episode as a consequence of resuscitation procedures. Ninety-seven cases of all grades were admitted to ICU for mechanical positive-pressure ventilation, of which the mean duration for the 95 in whom the ventilation times were known was 21.6 h when clinicians proceeded with surgery (n = 24), vs. 23.5 h when surgery was abandoned (p = 0.81; Fig. 2 ; p = 0.229). In the 128 patients with grade 3 acute hypersensitivity reactions, surgery proceeded in 54 (42.2%) and was abandoned in 74 (57.8%). The mean mast cell tryptase levels were similar for patients in whom the procedure was completed compared with those in which it was abandoned (33.3 lg.l À1 vs. 53.4 lg.l À1 ; p = 0.070). The total intra-operative adrenaline dose was not significantly higher in patients in whom the surgical procedure was completed (583 lg vs. 905 lg; p = 0.91). Sixty patients (46.9%) were admitted to ICU for mechanical ventilation, although clinicians only proceeded with surgery in 16 patients. The overall mean ventilation time in the 54 patients with grade 3 acute hypersensitivity reactions in which surgery proceeded was 6.43 h vs. 6.53 h in the 73 cases in which it was abandoned (p = 0.936). Surgery was completed in seven patients with grade 4 reactions. Five of these cases were elective surgery procedures, with circulatory arrest occurring after surgery had commenced (and was significantly advanced) in all but one case. The other two cases were emergency procedures.
One patient in whom surgery was abandoned suffered an acute hypersensitivity reaction when anaesthetised again at a later date. In this case, a false negative intradermal test to midazolam resulted in re-exposure and anaphylaxis (subsequently confirmed by a controlled i.v. challenge).
Discussion
Our examination of 223 patients with intra-operative acute hypersensitivity reactions (204 of which met the SFAR definition of anaphylaxis) in which a decision was made to proceed with or abandon planned surgery found major anaphylaxis-related sequelae in 11 patients. These only occurred in cases of grade 3 or 4 acute hypersensitivity reactions. Proceeding with planned surgery after grade 1 or 2 reactions does not, therefore, appear to be associated with a high risk of major acute hypersensitivity-related sequelae or death. The rate of major acute hypersensitivity-related sequelae in grade 3 and 4 hypersensitivity was significant at 4.7% and 12.8%, respectively. Conventional teaching is to defer surgery, where possible, if anaphylaxis is suspected [9] , the presumption being that proceeding with surgery worsens the patient's outcome from anaphylaxis, or that anaphylaxis will worsen the patient's outcome from surgery. This has not been proven and abandonment itself has the potential to cause harm and inefficiencies in the provision of healthcare. The greatest uncertainty facing clinicians is whether to proceed with planned surgery if the initial stabilisation of anaphylaxis has been successful, and it is felt that planned surgery will not impede ongoing resuscitation efforts. This is most applicable to the group of 128 patients with grade 3 acute hypersensitivity reactions. A significant proportion (42.2%) completed surgery and this was not associated with an increase in the total intra-operative adrenaline dose or mean postoperative ventilation time when compared with those patients in whom the surgical procedure was abandoned. The rate of major acute hypersensitivity-related complications was 4.6%, these being equally divided between cases that proceeded with surgery and those that were abandoned (three in each group).
With grade 4 acute hypersensitivity reactions, there is less of a dilemma as resuscitative efforts require continued attention. After the initial management, which almost always included a period of external cardiac compressions, clinicians were observed to abandon the planned surgical procedure where possible. Surgery only proceeded in 7 out of the 39 patients and, in all but one of these, the indication for surgery was urgent or surgery had commenced and was well advanced (occurring after femoral shaft reaming during total hip replacement or during or after cardiopulmonary bypass in three cases of open heart surgery). There were no instances of complications in these seven patients, however, the overall rate of complications in grade 4 was high. Proceeding with surgery in these patients may be justifiable if a poor outcome is anticipated due to the urgent indication for surgery, or because the surgical procedure has reached a point where completing the procedure would be the least physiologically disruptive option.
Two limitations of the study require discussion. The first is that the severity of acute hypersensitivity is a potential confounding factor. Patients in whom surgery proceeded were less likely to have suffered severe reactions, less likely to be admitted to intensive care, less likely to require i.v. adrenaline during resuscitation and had lower acute mast cell tryptase levels when compared with those in whom surgery was abandoned. This was controlled for by comparing cohorts within each grade of acute hypersensitivity, or by considering only patients with reactions so severe as to require admission to ICU for pulmonary ventilation. In the sub-group of 97 patients admitted to the ICU, the majority were of grade 3 or 4 severity, and the rates of use of i.v. adrenaline and magnitude of measured acute mast cell tryptase levels between groups were similar. Recovery from acute hypersensitivity reactions, as indicated by the duration of mechanical ventilation, was no worse in the 24 patients in whom surgery proceeded compared with the 71 patients in whom it was abandoned. The second limitation is a consequence of comparing these similar groups as it reduced the number of cases in each cohort. The cohort of the most clinically important group, grade 3 acute hypersensitivity, was reduced to 128 patients, limiting the magnitude of effect that could be detected and ability to detect differences in the rates of confounding factors.
This study has demonstrated that the SFAR grading system accurately predicted the risk of acute hypersensitivity-related sequelae. This classification relies primarily on the haemodynamic features of anaphylaxis but there are other features which may be more relevant to particular patients and certain surgical procedures. Procedures where the ability of the surgeon to successfully complete the procedure (e.g. bronchospasm in thoracic surgery), exacerbate known complications of the procedure (e.g. haemodynamic instability in cardiac surgery) or for the patient to heal after surgery (e.g. tissue oedema in bowel anastomosis) might reasonably cause the surgical procedure to be deferred or abandoned. An additional consideration might be if surgery is likely to impair the ability of the anaesthetist to manage acute hypersensitivity (e.g. prone position or anticipated surgical bleeding). We observed that surgery was frequently abandoned when acute hypersensitivity complicated vascular, otorhinolaryngology and neurosurgical procedures. Nonetheless, our data suggest that, as long as resuscitative efforts can continue, proceeding was not associated with an increase in complications.
Our recommendation in grade 3 acute hypersensitivity reactions, once the patient has been stabilised, is, therefore, for the clinician to consider all features of anaphylaxis that may be present and how they may impact on the risk of complications from the surgical procedure. Surgery was abandoned in 119 patients, many of whom were having non-elective surgery or elective cancer surgery. In some of these cases it might be argued that minor procedures with mild hypersensitivity were inappropriately abandoned (e.g. excision of ingrown toenail, repair of Dupuytren's contracture). We also observed many cases of time-critical surgery being, perhaps, inappropriately abandoned (e.g. laparotomy for ruptured ectopic pregnancy or acute appendicitis, both returning the following day for the definitive procedure). On the other hand, patients often had major surgery completed during severe reactions (e.g. laparoscopic sleeve gastrectomy, total hip and knee replacement) without complications. It is also important to consider that anaesthetising a patient who has suffered prior acute hypersensitivity is not without risk. One patient suffered life-threatening anaphylaxis when anaesthetised at a later date. If the procedure had been completed during the original anaesthetic, this may have been avoided.
There are limits to the conclusions that can be drawn from this observational study, and also the applicability of this study to other populations. There were only a small number of patients in whom vascular, otorhinolaryngology and neurosurgery were completed. There may be particular procedures within other surgical specialties in which it is not safe to proceed after anaphylaxis. The mortality rate from anaphylaxis in Western Australia in the 10-year period is also lower than other reported regions [1] . Thirty-nine patients required external cardiac compressions for pulseless electrical activity or asystole and, remarkably, all survived. Mandatory reporting of cases of anaesthesia-related death in our region gives us confidence that no cases of intra-operative anaphylaxis causing death were not reported, nonetheless, it may be that these results are not applicable to populations with worse survival from acute hypersensitivity reactions.
In summary, we found that the risk of acute hypersensitivity-related sequelae in SAFR grade 1 and 2 anaphylaxis is low and that, after resuscitation, surgery was usually completed. For grade 3 and 4 acute hypersensitivity reactions (anaphylaxis), the risk of sequelae is higher. We found no large differences in the risk of acute hypersensitivity-related sequelae in grade 3 reactions in the groups in which surgery proceeded or was abandoned, and note that some patients with grade 4 reactions with an urgent indication for surgery had their procedure completed. As there is no previously published evidence that proceeding in cases of intra-operative anaphylaxis causes harm, we recommend an individualised approach. It seems reasonable to proceed with surgery as long as the continuing management of acute hypersensitivity will not prevent successful completion of surgery, or proceeding with surgery would not prevent re-institution of resuscitative efforts should they be required.
